OBJECTIVEdInflammatory processes contribute to both diabetes and cardiovascular risk. We wanted to investigate whether circulating concentrations of proinflammatory immune mediators and adiponectin in diabetic patients are associated with incident cardiovascular events.
I
ncreased circulating concentrations of mostly proinflammatory immune mediators reflect inflammation-related processes that contribute to the development of type 2 diabetes and cardiovascular events. The proinflammatory cytokine interleukin-6 (IL-6) and the acute-phase protein C-reactive protein (CRP) are the most frequently investigated markers of subclinical inflammation in the context of cardiovascular risk (1) (2) (3) . Both markers of subclinical inflammation were reported to predict cardiovascular events in a range of studies (1) (2) (3) . However, these studies were mainly population based or consisted of individuals with a history of cardiovascular disease, whereas data for large populations of diabetic patients, who are characterized by an increased risk of myocardial infarction and stroke, are relatively rare (4) (5) (6) (7) (8) . Thus, it is still unclear whether further immune activation in patients with type 2 diabetes, a proinflammatory state itself, additionally contributes to the increased cardiovascular risk of diabetic patients. A previous study indicated that circulating IL-6 and IL-18, but not CRP, are more strongly associated with incident cardiovascular events in individuals with high, compared with low, fasting glucose levels (9) .
In addition to reports linking proinflammatory immune mediators and cardiovascular risk, there are also numerous studies on adiponectin in this context. Adiponectin is an adipocyte-derived hormone with anti-inflammatory, insulinsensitizing, and atheroprotective properties at least in rodents, but this is less clear in humans. In epidemiological studies conducted in the general population, there is usually no significant association or an inverse association between circulating adiponectin concentrations and cardiovascular events or mortality. However, increased adiponectin levels are often associated with increased From the 1 Division of Clinical Epidemiology and Aging Research, German Cancer Research Center, Heidelberg, Germany; the cardiovascular risk in individuals with certain pre-existing conditions, including comorbidities that are prevalent in diabetic patients such as renal dysfunction and chronic heart failure (10, 11) . Data on the direction of the association between adiponectin and risk of cardiovascular events in cohorts of diabetic patients are still scarce.
Our study in a large cohort of patients with diabetes had the following aims. First, we wanted to characterize the relationship between proinflammatory immune mediators (CRP, IL-6, IL-18, leptin, macrophage migration inhibitory factor [MIF] ), adiponectin, and other cardiovascular risk factors. Second, we wanted to assess the risk for incident primary cardiovascular events with increasing proinflammatory immune mediators and adiponectin. Due to the link of kidney diseases to both immune activation and increased cardiovascular risk, the third aim was to explore these associations in diabetic patients with prevalent renal dysfunction at baseline.
RESEARCH DESIGN AND METHODS

Study population
This investigation is based on the ESTHER study, an ongoing cohort study including 9,949 subjects, 50-74 years of age at baseline. Study participants were recruited by their general practitioners during a routine health check-up between 2000 and 2002 in Saarland, a federal state of Germany (12) (13) (14) . The distributions of sociodemographic baseline characteristics and common prevalent chronic diseases were similar to the distribution in respective age categories in the German National Health Survey, a representative sample of the German population (12) . The ESTHER study was approved by the ethics committees of the Medical Faculty of the University of Heidelberg and the Medical Association of Saarland and is conducted in accordance with the Declaration of Helsinki.
The inclusion criterion of physiciandiagnosed diabetes at baseline was met by 1,375 subjects. The exclusion criteria were a diabetes diagnosis prior to the 40th birthday (n = 53; to exclude subjects with potential type 1 diabetes), a missing or inappropriate serum sample (n = 39), self-reported history of myocardial infarction or stroke at baseline (n = 211), and loss to follow-up (n = 34), which left 1,038 individuals for analysis.
Data collection
At baseline, data on height, weight, sociodemographic factors, lifestyle, chronic diseases with date of onset, hormone replacement therapy (HRT), and history and family history of myocardial infarction or stroke were obtained by a standardized questionnaire (12) . Systolic blood pressure, HDL cholesterol serum levels, and medical conditions were documented by general practitioners on the standardized health check-up form. They additionally reported currently prescribed drugs on a separate sheet.
Study participants were recorded as diabetic patients if this was documented on the health check-up form by the treating physician or if antidiabetic drugs were prescribed. The same principle was followed to define subjects with hypertension. Renal 
Laboratory measurements
Blood samples were taken during the health check-up from 9,834 study participants (8,452 fasting), centrifuged, shipped to the study center, and stored at 2808C until analysis. CRP was measured by immunoturbidimetry with the wrCRP antibody (Bayer, Leverkusen, Germany) on the ADVIA 2400 (Siemens Healthcare Diagnostics, Eschborn, Germany). Serum concentrations of IL-6, MIF, and total adiponectin (i.e., all isoforms of adiponectin) were determined using the Quantikine HS (IL-6) and the Quantikine (MIF and adiponectin) ELISA kits (R&D Systems, Wiesbaden, Germany) (16, 17) . Leptin and IL-18 serum concentrations were measured simultaneously by bead-based multiplex assay using a Bioplex analyzer (Bio-Rad, Munich, Germany) as described previously (16 
Cardiovascular outcomes
Study participants reported on the occurrence of incident myocardial infarctions and strokes in standardized questionnaires at 2-, 5-, and 8-year follow-up. Self-reported cases were validated by standardized questionnaires sent to the study participants' general practitioners. Information on fatal cases was inquired at a central register of residents' registration offices of Saarland on 31 December 2010. The vital status and date of death for the deceased could be ascertained for 99.8% of the analyzed cohort of subjects with diabetes. ICD-10 codes for the leading cause of death could be obtained for all deceased subjects with diabetes except one (completeness, 99.5%). All deaths coded with ICD-10 codes I21-I23 and I60-I69 were recorded as myocardial infarctions and strokes, respectively. Furthermore, all deaths coded with ICD-10 code I00-I99 were considered cardiovascular deaths. A combined end point of major cardiovascular events was created from the first occurrence of an incident myocardial infarction, incident stroke, or cardiovascular death. In summary, from 161 incident cardiovascular events in the analysis population, 152 cases (94.4%) were based on physician diagnoses either from validated nonfatal cases or death certificates. The nine self-reported cases, for which validation from physicians could not be obtained, were not excluded because confirmation rates for self-reported myocardial infarctions and strokes in the total ESTHER study were judged to be reliable (70.7 and 81.1% for myocardial infarction and stroke, respectively).
Statistical analyses
Cox proportional hazards models were used to estimate hazard ratios (HRs) and 95% CIs for the association of increasing proinflammatory immune mediator and adiponectin tertiles with cardiovascular events and to perform a trend test. We used an age-and sex-adjusted simple model and a "fully" adjusted model. Covariates of the full model were chosen from a list of factors potentially associated with cardiovascular diseases and subclinical inflammation by backward selection with P , 0.25 to stay in the model. The list of potential covariates comprised age, sex, smoking status, physical activity, high alcohol consumption, BMI, HbA 1c , diabetes duration, systolic blood pressure, GFR, HDL cholesterol, non-HDL cholesterol, and use of insulin, oral antidiabetic drugs, nonsteroidal anti-inflammatory drugs (NSAIDs), statins, HRT, or antihypertensive drugs blocking the renin-angiotensinaldosterone system (modeled continuously or in the categories shown in Table 1 ). The final covariates of the full model, associated with cardiovascular events with P , 0.25, were age, sex, smoking status, physical activity, HbA 1c , systolic blood pressure, non-HDL cholesterol, GFR, and use of NSAIDs. We additionally adjusted for those variables that did not enter the full model in sensitivity analyses. Dose-response relationships were assessed in fully adjusted Cox models by restricted cubic spline curves with a priori defined knots at the 5th, 33rd, 66th, and 95th percentiles of the distributions of the proinflammatory markers or adiponectin.
Interactions of the proinflammatory markers and adiponectin among each other and interactions of these biomarkers with the variables of the full model were tested. In the case of interactions among the biomarkers of interest or independent associations of several of the markers with the cardiovascular end point (at least with an HR of 1.20 for the comparison of top and bottom biomarker tertile), we aimed for a joint risk assessment. Due to the strong association between kidney diseases, inflammation, and cardiovascular risk (18, 19) , all analyses were also repeated in a subgroup of subjects with renal dysfunction.
To adequately deal with missing covariate values, 20 datasets were created by multiple imputation. A detailed description is given in the Supplementary Appendix. All statistical tests were two sided, using an a level of 0.05, and all analyses were conducted with the software package SAS, version 9.2 (Cary, NC).
RESULTSdCorrelations and associations of proinflammatory markers and adiponectin with conventional cardiovascular risk factors are shown in the Supplementary Data (Supplementary Tables  1-3) .
Risk for cardiovascular events in the total population During follow-up, 63 study participants with diabetes had an incident primary myocardial infarction (6.1%; incidence rate [IR] = 9.2 per 1,000 person-years [pPY]), 72 had a stroke (6.9%; IR = 10.7 pPY), and 77 had a fatal cardiovascular event (7.4%; IR = 8.4 pPY), leading to 161 subjects who reached the composite cardiovascular end point (15.5%, IR = 23.9 pPY) that only recorded first events in the case of multiple events. Male sex, higher age, current smoking, low physical activity, higher HbA 1c , higher systolic blood pressure, renal dysfunction, use of NSAIDs, and higher IL-6 at baseline were significantly associated with incident cardiovascular events (Table 1) . CRP, adiponectin, and MIF were slightly (P , 0.2) increased in subjects with incident cardiovascular events, whereas IL-18 and leptin were rather similar in both groups.
In the total population, fully adjusted Cox regression models showed an ;1.5-fold increased risk of primary cardiovascular events for subjects in the top tertile of adiponectin levels compared with individuals in the bottom tertile (Table 2) . Furthermore, a nonsignificant (about 1.3-fold) increased risk in the top IL-6 and MIF tertiles was observed. IL-18 and leptin tertiles showed no association with cardiovascular events, and the increased risk in the top CRP tertile observed in the simple model did not persist after adjustment for the covariates of the full model.
A combined assessment of all proinflammatory markers and adiponectin in the full model showed almost no attenuations in HRs for IL-6, MIF, and adiponectin tertile comparisons, raising the possibility of independent associations of these biomarkers with incident cardiovascular events (data not shown). In joint risk assessment, subjects who were in MIF tertile 3, IL-6 tertile 2 or 3, and adiponectin tertile 3 had a more than doubled risk for cardiovascular events (HR 2.40 [95% CI 1.21-4.77]) compared with subjects that met none of these criteria (Table 3) .
The dose-response relationships between all analyzed proinflammatory markers and incident cardiovascular events were approximately linear. However, there is a noteworthy flattening of the IL-6 dose-response curves at higher serum levels ( Supplementary Fig. 1 ). In contrast, the dose-response curve for adiponectin and cardiovascular event risk showed a U-shaped association in the fully adjusted model (Fig. 1A) .
Three significant interaction terms (P , 0. Risk for cardiovascular events in subgroup with renal dysfunction In the subgroup of 326 subjects with renal dysfunction, the incidence of cardiovascular events was particularly high: n = 82 (25.2%; IR = 41.7 pPY). In this subgroup, hypertension and higher adiponectin levels were associated with incident cardiovascular events (Supplementary Table 4) . Furthermore, CRP, IL-6, and MIF were slightly increased (P , 0.2) among cases, whereas IL-18 and leptin were not.
In subjects with renal dysfunction, the HRs for primary cardiovascular events were more strongly increased (about doubled) in subjects within the top tertile of IL-6 levels and adiponectin levels compared with individuals in the bottom tertile ( Table 2 ). The same pattern was observed for CRP and MIF, with an ;1.5-fold increased risk in the top tertile, but the estimate did not reach statistical significance except for the trend test for increasing MIF concentrations (P [trend] = 0.04). In agreement with the results from the total population, IL-18 and leptin tertiles showed no association with cardiovascular events. A combined assessment of all proinflammatory markers in the full model showed attenuated HRs for CRP and IL-6 and only adiponectin and MIF remained significantly care.diabetesjournals.org DIABETES CARE, VOLUME 36, JUNE 2013associated with the outcome in the full model (both P [trend] = 0.01). Subjects who were in tertile 3 of both MIF and adiponectin levels had an ;2.8-fold increased risk for cardiovascular events compared with subjects that were in lower tertiles (Table 3) . The dose-response relationships between all analyzed proinflammatory markers and incident cardiovascular events were also approximately linear in subjects with renal dysfunction (not shown). However, the U-shaped curve between adiponectin levels and cardiovascular events observed in the total population was not found in subjects with renal dysfunction (Fig. 1B) . Instead, a rather J-shaped curve was observed because cardiovascular risk at low adiponectin levels (,5 mg/mL) was only marginally increased.
CONCLUSIONSdIn this large cohort of diabetic patients, high adiponectin concentrations were associated with higher risk for primary cardiovascular events after adjustment for multiple confounders, whereas no associations were found for CRP, IL-18, and leptin. A weak association was observed for IL-6 and MIF that was not statistically significant. These associations were more pronounced in a subgroup with renal dysfunction in which results for IL-6 and MIF also reached statistical significance. The aforementioned associations of proinflammatory immune mediators and adiponectin with cardiovascular events were independent from each other and enabled risk stratification by several of these biomarkers to identify patients at particularly high cardiovascular risk. The lack of an association of CRP with cardiovascular events and the association of high adiponectin levels with incident cardiovascular events that was particularly pronounced in subjects with diabetes and renal dysfunction indicated differences from observations from the general population.
Our findings are in line with studies that showed that the association between CRP and cardiovascular risk was much weaker in individuals with high glucose levels or with diabetes than in subjects with lower glucose levels or without diabetes (4, 5, 9) and with an Italian study that found no association of CRP and cardiovascular disease in diabetic patients without known cardiovascular disease (7) . In contrast, CRP was associated with incident cardiovascular events and/or mortality in cohorts of diabetic patients e Defined as premature myocardial infarction or stroke in parents, siblings, or children (i.e., for men age 55 years or less and for women age 65 years or less).
f Anatomical Therapeutic Chemical codes B01AC06, M01A, N02BA, and N02BE51 in the physician's drug records or self-reported daily intake of (usually not prescribed) painkillers.
g Anatomical Therapeutic Chemical codes G03C, G03D, G03F, and G03HB01 in the physician's drug records or self-reported HRT use.
from Korea and Finland (6, 8) . Furthermore, a large pooled analysis from four U.K. cohorts observed significant associations of CRP with cardiovascular and allcause mortality in both subjects with and without diabetes, and diabetes was not an effect modifier (20) . Our study also included less severe, nonfatal, cardiovascular events, which make the results not directly comparable. Larger, adequately powered studies are required to investigate the association of CRP with myocardial infarction, stroke, and cardiovascular mortality separately in subjects with and without diabetes to shed light on the conflicting results in the literature. We conclude that our study supports the results of the studies that observed an interaction between elevated blood glucose levels and CRP with regard to cardiovascular risk with an attenuation of the association in diabetic patients.
Adiponectin and cardiovascular event risk showed a U-shaped association in our cohort of diabetic patients. The risk was particularly strongly increased at high adiponectin levels if diabetes was poorly controlled (HbA 1c .8.0%). These data are novel because most previous studies analyzing this association were population based or based on patients with high cardiovascular risk or pre-existing cardiovascular conditions. The population-based studies observed no statistically significant (21, 22) or inverse associations (23, 24) of adiponectin with cardiovascular outcomes, which is in line with our finding at low adiponectin levels. In contrast, studies in high-risk populations or with pre-existing cardiovascular conditions reported statistically nonsignificant or positive associations (25) (26) (27) , which is in line with our finding at high adiponectin levels. Our subgroup analysis in diabetic patients with renal dysfunction, which is a strong predictor The numbers in bold represent a significant association (P , 0.05). Freq., frequency. a Adjusted for age and sex. b Adjusted for age, sex, smoking, physical activity, HbA 1c , systolic blood pressure, non-HDL cholesterol, GFR, and NSAIDs (yes/no).
care.diabetesjournals.org DIABETES CARE, VOLUME 36, JUNE 2013of cardiovascular events, also points in this direction and is supported by previous reports from other populations with kidney diseases (28, 29) . It is known that patients with certain proinflammatory conditions like coronary heart disease, heart failure, and chronic kidney disease have increased adiponectin levels (10, 11) . This could serve as an explanation for these findings if increased adiponectin levels indicate pre-existing cardiovascular conditions, although they might not be on the causal pathway to cardiovascular events. On the contrary, subjects with well-controlled diabetes without comorbidities do not have increased adiponectin levels. However, these relatively healthy subjects can nonetheless be obese, which is associated with lower adiponectin levels and an increased cardiovascular risk in the general population (24) . This mixture of relatively healthy obese subjects with low adiponectin levels and comorbid subjects with high adiponectin levels in our cohort of older subjects with diabetes can explain the observed U-shaped curve of adiponectin levels and cardiovascular events. In contrast to adiponectin, leptin is a proinflammatory adipokine. Fewer studies for cardiovascular outcomes have been published for leptin than for adiponectin and most of them showed no independent association in general population samples (22) . Thus, findings on leptin in our diabetic study population did not deviate from findings in the general population.
The proinflammatory cytokine IL-18 is associated with an increased risk of type 2 diabetes (30), but it is not clear whether it is also associated with incident cardiovascular events. Previous populationbased cohorts (31) (32) (33) (34) and cohorts with acute coronary syndromes or high-risk populations for cardiovascular diseases (9, (35) (36) (37) (38) yielded inconsistent results. Increased IL-18 concentrations were associated with a higher risk of cardiovascular events in some studies (9, 32, 35, 36, 38) , whereas no statistically significant association was evident in others after adjustment for confounders (31, 33, 34, 37) . Differences in study characteristics or the definition of cardiovascular outcomes among these studies cannot explain the conflicting results. Neither in our cohort of diabetic patients nor in our subgroup with diabetes and renal dysfunction did IL-18 show a significant association with the incidence of cardiovascular events, which supports the view that IL-18 levels are not associated with cardiovascular outcomes.
Furthermore, there is no consensus about the association of circulating concentrations of the proinflammatory cytokine MIF and cardiovascular events. Populationbased studies observed a weak (39) or no association (17) of increasing MIF levels with cardiovascular outcomes. We observed that risk for incident cardiovascular events was weakly, but not statistically significantly, increased in subjects with high MIF concentrations in the total study population, and that risk was significantly increased in the subgroup with renal dysfunction in the fully adjusted model extended by adiponectin. These are the first data for subjects with diabetes from a large population-based cohort. They are supported by the results from a smaller cohort of patients with stable coronary artery disease in which MIF was positively associated with incident coronary events in patients with impaired glucose tolerance or type 2 diabetes but not in those without these conditions (40) . Additional studies are warranted that investigate whether MIF contributes to cardiovascular risk independently of other proinflammatory markers in different populations (especially in subjects with diabetes and renal dysfunction) and to explore potential pathways.
We had previously observed and reported a strong association of high IL-6 levels and primary cardiovascular events in diabetic patients in this cohort with a smaller number of events until the 5-year follow up (13) . This finding was only replicated with the extended follow-up data in the subgroup with renal dysfunction after adjusting for GFR, which was not included in the model of the previous analysis. Modeling IL-6 as a log-transformed term, as suggested by the dose-response curves, would have yielded a significant association in the subgroup and the total population (P [trend] = 0.03 in both groups). However, formal testing did not reveal a statistically significant deviation from linearity and, therefore, these results are not shown in the main tables. Nevertheless, taken together, our results support suggestions that IL-6 plays a role in the development of cardiovascular diseases in subjects with diabetes.
Besides IL-6, MIF was also only significantly associated with cardiovascular events in subjects with diabetes and renal dysfunction but both were useful for risk stratification in all subjects with diabetes. Subjects who were in the IL-6 middle or top tertile, MIF top tertile, and adiponectin top tertile had a more than doubled risk for cardiovascular events compared with subjects that met none of these criteria. Diabetic patients are per se at an increased risk for cardiovascular events, but IL-6, MIF, and adiponectin could be of value for further risk stratification. The observed interactions of adiponectin with HbA 1c and MIF with smoking could especially add predictive value to cardiovascular risk models for subjects with diabetes that contain these conventional cardiovascular risk factors. Overall, the correlations and/or associations of proinflammatory markers and adiponectin among each other and with conventional cardiovascular risk factors were weak, which is another argument for the potential value of IL-6, MIF, and adiponectin in cardiovascular risk assessment in subjects with diabetes. Moreover, the independence of these associations and the interactions seen here are potentially interesting for the pathophysiology of cardiovascular disease and need to be further explored in more mechanistic studies.
The strengths of our study include the selection of diabetic patients from a cohort that is representative for this patient group in Germany, which supports the external validity of the results, its large sample size, the high response rates in follow-up examinations, the detailed assessment of renal dysfunction by serum cystatin C and urinary albumin levels, and the availability of multiple biomarkers of subclinical inflammation. The study also has limitations. The results can only be generalized for older (50-74 years of age) Caucasian adults with type 2 diabetes (only 0.05% of study participants were born in a non-European country). The assumption that subjects who reported disease onset before 40 years of age have type 1 diabetes is imprecise and was chosen due to the lack of autoantibody measurements. Furthermore, we relied on single measurements of biomarkers, whereas serial measurements may have yielded a higher precision (2) . Further limitations are that sample size restrictions did not allow myocardial infarction and stroke to be analyzed as separate end points and that we had to rely on BMI to adjust for obesity because data for waist circumference were not available.
In conclusion, in this large cohort of diabetic patients, high adiponectin concentrations were associated with a higher risk for primary cardiovascular events, whereas no significant associations were found for the proinflammatory markers CRP, IL-6, IL-18, leptin, and MIF after adjustment for confounders. However, besides adiponectin, IL-6 and MIF were also strongly associated with cardiovascular events in a subgroup with renal dysfunction. Our data indicate that the associations between circulating immune mediators and cardiovascular risk differ between diabetic patients and subjects of the general population. Furthermore, the associations of increasing IL-6, MIF, and adiponectin levels with cardiovascular events were independent from each other and enabled risk stratification, which has care.diabetesjournals.org DIABETES CARE, VOLUME 36, JUNE 2013 implications for the potential use of these biomarkers in cardiovascular risk models specifically designed for diabetic patients.
